J 


® 


EuropMlsches Patentamt 
European Patent Office 
Office europ^en des brevets 


I iiiiiiinii 

II 1 Hi mil inn II 
0 Publication number: 0 624 004 A1 


® 


® Application number: 94302424.0 
(§) Date of filing: 06.04.94 


EUROPEAN PATENT APPLICATION 
@ Int. CIS: H04B 1/40 


S) Prinrifv OS OS 9*) GB 9')0Q20fi 

(t}) Annlir::int' r9pr!-MARrVlNI L IMITPH 

® Date of publication of application: 

The Grove, 

Warren Lane 

09.11.94 Bulletin 94/45 

Stanmore, IMiddiesex HAT 4LY (GB) 

@ Designated Contracting States: 

@ Inventor: Devlin, Llam Michael 

DE FR IT 

58 Beech Avenue 


Ablngton, Northampton, NN3 2JG (GB) 


Inventor: Buck, Brian Jeffrey 


2 New Street 


Weedon, Northampton NNT 4QS (GB) 


® Representative: Pope, Michael Bertram 


Win gate 


The General Electric Company, pJ.c. 


GEO Patent Department 


Waterhouse Lane 


Chelmsford, Essex CM1 20X (GB) 


0 An integrated transceiver circuit pacicaged componenL 


CM 

to 


Q. 

lU 


@ An integrated transceiver circuit pacl<aged conr>- 
ponent including a transceiver circuit having a tiand- 
stop filter (29) provided therein for filtering both the 


Fig.3. 


r 


51 U«^7 


POW.AMP 


29 


received and transmitted signals to remove unwan- 
ted components therefrom. 


PLL DRIVE 


1 a ■ vco 

I 


rfjtFouT 
iFiN 


Rank Xerox (UK) Business Sendees 

G. 10/3.09/3. 3.4J 

05/15/2004, EAST Version: 1.4.1 


1 


EP 0 624 004 A1 


2 


This invention relates to an integrated tran- 
sceiver circuit packaged component. 

One known such component is shown in Figure 
1 of the accompanying drawings together with an 
external filter 1 . The transceiver has two modes of 
operation, transmit and receive. In both modes a 
local oscillator signal is generated by an on-chip 
voltage controlled oscillator (VCO) 3. 

In the receive mode signals enter the trans- 
mit/receive (T/R) common port 5 at the RF fre- 
quency. The signal level is boosted by the low 
noise amplifier (LNA) 7 with the addition of very 
little noise. The off-chip band pass filter 1 then 
rejects all of the noise power at the image fre- 
quency (local oscillator frequency (LO) - intermedi- 
ate frequency (IF), for an RF signal at LO + IF). 
Without filter 1 the image noise power would be 
down-converted to the IF along with the signal (and 
noise) at the RF frequency. A mixer 9 multiplies 
the RF and VCO signals and generates an IF signal 
at a frequency RF - LO (assuming RF is greater 
than LO). The IF signal is then amplified by a 
differential amplifier 11 prior to its output at port 13. 

In the transmit mode a differential input signal 
at the IF frequency is input at port 15 and amplified 
by differential amplifier 12. Mixer 9 multiplies the 
output of amplifier 12 with the VCO signal to gen- 
erate two 'sidebands' at LO - IF and LO + IF. 
Assuming the RF signal is at LO + IF, then this Is 
the wanted sideband and the LO - IF signal is 
termed the unwanted sideband. Filter 1 is used to 
reject the unwanted sideband and any other spur- 
ious mixing products/harmonics. The wanted RF 
signal is then routed back on chip and through a 
power amplifier 17 prior to output at the T/R com- 
mon port 5. 

The transceiver circuit further comprises an 
amplifier 23 connected to the output of VCO 3 for 
provding a phase locked loop (PLL) drive at output 
port 25 of the package. 

With reference to Figure 2 of the accompany- 
ing drawings, microwave integrated circuits (MiCs) 
have a number of ground points all connected to a 
common ground plane. In the case of monolithic 
MICs (MMICs) this is normally the back side of the 
chip. When packaged it is normal to provide a low 
inductance ground (such as a metal based pack- 
age) for the common chip ground. The inductance 
between the chip ground (internal to the package) 
and the circuit ground (external to the package) is 
termed the common lead ground inductance, 

A fraction of the output signal is fed directly 
back to the input. At low frequencies, where the 
reactance of Lcommon Is small, this has minimal 
effect, but as the frequency of operation increases 
so the reactance of Lcommon and hence the level of 
feedback increases. The presence of Lcommon 
causes feedback between each and every pin of 
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the package. Differential signals do not suffer from 
this problem, only single-ended signals. 

The transceiver configuration of Figure 1 suf- 
fers from problems relating to common lead 

s grounding inductance when low cost packaging is 
used. Common lead Inductance serves to act as 
series feedback between each and every pin of the 
transceiver package. Just 0.2nH will act as -20dB 
of feedback (considering 50 ohm source and load 

10 impedances) at 2.4 GHz (the USA's ISM band). 
This causes the following problems: 

1. Potential for instability in both transmit and 
receive paths as a result of loop gains greater 
than unity between port 5 and port 19 (the port 

T5 by means of which filter 1 is connected to 
amplifiers 7, 17). 

2. Degradation of filter performance as a result 
of low isolation between port 19 and port 21 (the 
port by means of which filter 1 is connected to 

20 mixer 9). 

3. Appreciable levels of transmit power fed back 
to the PLL drive port 25 (can cause a radio to 
loose lock). 

One possible solution to these problems is to 
25 provide each ground connection point on the chip 
with an individual package pin for connection to the 
external ground. With circuits containing high levels 
of functionality, as the transceiver of Figure 1, this 
results in a requirement for a package with a pro- 
30 hibatively large number of pins. Both cost and size 
of the end component are increased. 

According to the present invention there is 
provided an integrated transceiver circuit packaged 
component including a transceiver circuit having a 
35 filter provided therein for filtering both the received 
and transmitted signals to remove unwanted com- 
ponents therefrom. 

Preferably, the filter Is a bandstop filter. 
An integrated transceiver circuit packaged 
40 component in accordance with the present inven- 
tion will now be described, by way of example, with 
reference to the accompanying drawings, in which: 
Figure 1 is a circuit diagram of a prior art such 
component together with external filter; 
46 Figure 2 illustrates the problem of common lead 
grounding inductance which occurs with the 
transceiver of Figure 1 ; 

Figure 3 is a circuit diagram of the component 
according to the present invention together with 
50 an external filter; and 

Figure 4 shows the circuit of a bandstop filter of 
the component of Figure 3. 
In the transceiver circuit of Figure 3 the same 
components as those of the circuit of Figure 1 are 
55 labelled with the same reference numerals. 

With a view to overcoming problems 1 to 3 
above the circuit of Figure 1 has been modified. A 
differential drive Is used for the PLL This will 
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eliminate any RF signals which would be fed back 
in comnnon nriode. Thus, anr^plifier 23 of Figure 1 
has been replaced by differential amplifier 27 of 
Figure 3. Filter 1 has been moved to the T/R 
common port 5 of the chip and an on-chip, band- 
stop filter 29 with more modest rejection of the 
image/unwanted sideband signals has been added 
between the amplifiers A 17 and mixer 9. Greater 
than lOdB is sufficient to give significant imunity to 
image noise on receive and to avoid saturation of 
the power amplifier 17 on transmit. A suitable com- 
pact circuit for the bandstop filter 29 comprising a 
combination of series and shunt bandstop L, C 
elements is shown in Figure 4. Filter 29 rejects the 
image/unwanted sideband (at frequency LO -IF) but 
does nothing to reject harmonics/spurious re- 
sponses at other frequencies. The band pass filter 
1 at the T/R common port 5 serves this purpose. 
Further, any external ground returns from the cir- 
cuitry at the control port of the VCO 3 should be 
eliminated. 

The transceiver architecture of Figure 3 is 
much more tolerant to common lead ground induc- 
tance. The only single-ended signals coming from 
the chip are from the T/R common port 5, that is 
not more than one single-ended signal is input 
to/output by the chip in either mode of operation. 
Because all other inputs/outputs are differential or 
DC/control, the chip is very tolerant to portions of 
the single-ended signal at the common port 5 be- 
ing fed back to other ports as a result of the 
common lead ground inductance. Thus, low cost 
plastic packaging can be used. 

If a transceiver chip were fabricated which 
used an off-chip local oscillator drive, the differen- 
tial drive the PLL would not be required nor would 
the elimination of the external ground returns from 
the local oscillator control circuitry, although the 
local oscillator drive would need to be either dif- 
ferential or at a very low signal level to avoid 
saturation of the low noise amplifier 7 in receive 
mode. 

If an on-chip resonator and varactor were used 
then the aforementioned elimination of external 
ground returns would be observed by default. If an 
on-chip balanced VCO were used, ground connec- 
tions could be made at virtual earth points without 
causing RF current to flow In the common lead 
inductance. 

Claims 

1. An integrated transceiver circuit packaged 
component including a transceiver circuit hav- 
ing a filter (29) provided therein for filtering 
both the received and transmitted signals to 
remove unwanted components therefrom. 


2. A component according to Claim 1, wherein 
said filter (29) is a bandstop filter (29). 

3. A component according to Claim 2, wherein 
5 said transceiver circuit includes a mixer (9) for 

mixing a locally generated frequency with the 
received signals when the transceiver circuit is 
being used In receive mode and with the trans- 
mitted signals when the transceiver circuit is 
10 heing used in transmit mode, said filter (29) 
being connected between said mixer (9) and a 
common input/output port (5) of said circuit. 

4. A component according to Claim 3, wherein 
15 said transceiver circuit includes a voltage con- 
trolled oscillator (3) for providing to said mixer 
(9) said locally generated frequency. 

5. A component according to Claim 4, wherein 
20 said transceiver circuit has a phase locked 

loop (PLL) drive output and includes connected 
thereto a PLL differential amplifier (27) for pro- 
viding a signal at the PLL drive output by 
amplifying a signal derived from the output of 
25 the voltage controlled oscillator (3). 

6. A component according to Claim 3 or Claim 4 
or Claim 5, wherein said transceiver circuit 
includes between said filter (29) and said in- 

30 put/output port (5) a low noise amplifier (7) for 

amplifying the received signals, a power am- 
plifier (17) for amplifying the transmitted sig- 
nals, and switch means for connecting either 
the low noise amplifier (7) or the power am- 

35 *plifier (17) between the filter (29) and the in- 
put/output port (5). 

7. A component according to Claim 6, wherein 
said transceiver circuit includes between an 

40 intermediate frequency output (13) thereof and 

said mixer (9) a first differential amplifier (11), 
and between an intermediate frequency input 
(15) thereof and said mixer (9) a second dif- 
ferential amplifier (12), said transceiver circuit 

45 further including further switch means between 
the first and second differential amplifiers 
(11,12) and said mixer (9) by means of which 
the mixer (9) may be connected to either the 
first (11) or second (12) differential amplifier, 

50 said first and second differential amplifiers 

(11,12) being operable to amplify the received 
and transmitted signals respectively. 

8. A component according to any one of Claims 3 
56 to 7 in combination with a bandpass filter (1) 

connected to said input/output port (5) for filter- 
ing both the received and transmitted signals. 
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